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(54) Ink consumption detection method and system 



(57) In an Inkjet printer (10), print image data indi- 
cating a pattern of ejection and non-ejection nozzles is 
produced from print data received from a host computer 
(20) and the print image data is searched in blocks for 
an effective block (601) including data indicating at least 



one ejection nozzle to count effective blocks, wherein a 
block has a predetermined size. Ink consumption 
caused by a print operation is detected based on a 
count of the effective blocks. 
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Description 

The present invention generally relates to an inkjet 
printing system, and in particular to an ink consumption 
detection method and system for an inkjet printer. 5 

An inkjet printer is provided with a print head having 
an array of nozzles which selectively eject ink to form a 
pattern of dots on the printing medium depending on 
print data. Since the ink is stored in an ink reservoir, it is 
important to check the ink level of the ink reservoir to 10 
avoid the deterioration of print quality. 

A conventional ink level check apparatus has been 
disclosed in Japanese Patent Unexamined Publication 
No. 4-316856. According to the conventional apparatus, 
each time ink suction is performed for nozzle cleaning, is 
the amount of sucked ink is represented on a basis of 
the number of dots. The number of dots conesponding 
to the amount of sucked ink is added to the number of 
printed dots which were actually printed for one line. 
The ink level of the ink reservoir is checked by calculat- 20 
ing a ratio of the total number of actually-printed and 
represented dots to the possible number of dots corre- 
sponding to the full capacity of the ink reservoir. 

However, the dot count process forms an increas- 
ing proportion of the print control process with increase 25 
in resolution of the printer. Therefore, the interval from 
when the print of the previous line is ended and that of 
the current line is started becomes longer, resulting in 
reduced speed of printing. 

Further, only the amount of sucked ink is counted, so 
Therefore, the reliability of the ink level check is not 
enough. If all operations leading to ink consumption are 
taken into account, the dot count process would cause 
the speed of printing to be further reduced. 

An object of the present invention is to provide a 35 
method and system rich can detect ink consumption 
with improved print speed. 

Another object of the present invention is to provide 
a method and system which can achieve the reliable ink 
consumption detection. 40 

According to an aspect of the present invention, in 
an inkjet printer having a print head with a plurality of 
nozzles selectively ejecting ink to a printing medium, 
after producing print image data indicating a pattern of 
ejection and non-ejection nozzles, the print image data 45 
is searched in blocks for an effective block including 
data indicating at least one ejection nozzle to count 
effective blocks, wherein a block has a predetermined 
size. Ink consumption caused by a print operation is 
detected based on a count of the effective blocks. so 

According to another aspect of the present inven- 
tion, an inkjet printer includes a print head having a plu- 
rality of nozzles selectively ejecting ink to a printing 
medium, a memory for storing an ink consumption 
count value corresponding to an ink consumption oper- 55 
ation of the inkjet printer, and a controller for producing 
print image data indicating a pattern of ejection and 
non-ejection nozzles, searching the print image data in 



blocks for an effective block including data indicating at 
least one ejection nozzle to count effective blocks, 
wherein a block has a predetermined size, and detect- 
ing ink consumption caused by a print operation based 
on a count of the effective blocks. 

Since ink consumption is obtained by counting the 
number of effective blocks, the print control can be per- 
formed without burdening the controller with the ink con- 
sumption detection, resulting in improved print speed. 

in addition to the print operation, an ink suction 
operation for sucking ink from the nozzles and an ink 
pre-ejection operation for ejecting ink from the nozzles 
before printing may be included. In this case, since total 
ink consumption is obtained by summing the respective 
ink consumption count values of nozzle suction, pre- 
ejection and print operations, the accurate amount of 
ink consumption is obtained, resulting in reliable ink 
level check 

Fig. 1 is a block diagram showing the circuit config- 
uration of an inkjet printer according to an embodi- 
ment of the present invention; 

Fig. 2 is a flow chart shoving a main control flow of 
the embodiment; 

Fig. 3 is a flow chart showing a suction process of 
the embodiment; 

Fig. 4 is a flow chart showing a purge process of the 
embodiment; 

Fig. 5 is a flow chart shoving a print process of the 
embodiment; 

Fig. 6 is a diagram showing a block count operation 
of extended print image data according to the 
embodiment; 

Fig. 7A is a flow chart showing a communication 
process of the embodiment; 

Fig. 7B is a flow chart showing an operation of a 
host computer of the embodiment; 

Fig. 8A is a flow chart showing a communication 
process of another embodiment according to the 
present invention; and 

Fig. 8B is a flow chart showing an operation of a 
host computer of the other embodiment. 

Referring to Fig. 1 , there is shown an inkjet printing 
system which is comprised of an inkjet printer 10 and a 
host computer 20 having a monitor 21 and an input 
device connected thereto. The printer 10 includes a 
data receiver 101 and a printer information transmitter 
102 which are used to communicate with the host com- 



2 



1/18/2007, EAST Version: 2.1.0.14 



3 



EP0887188A2 



4 



puter 20. The print data and necessary commands are 
transferred from the host computer 20 to a printer con- 
troller 103 through the data receiver 101. Contrarily, 
printer information including ink level or ink consumption 
data are transferred from the printer controller 103 to 
the host computer 20 through the printer information 
transmitter 102. The printer controller 103 controls the 
operations of the printer 10 as will be described later. 

The printer 10 is equipped with a print head 104 
which is detachaWy provided on a carriage (not shown). 
The print head 104 is controlled by a nozzle suction 
controller 105, a print controller 106 and a pre-ejection 
controller 107 which are controlled by the printer con- 
troller 103. The nozzle suction controller 105 controls a 
suction operation Of the nozzles of the print head for 
nozzle cleaning. The print controller 106 controls ink 
ejection of the nozzles according to print data. The print 
head 104 may use piezoelectric devices or heaters. The 
pre-ejection controller 107 controls pre-ejection opera- 
tion of the nozzles. Since these operations: suction, 
print and pre-ejection, consume some ink. the ink con- 
sumption is counted by using an ink consumption coun- 
ter C AC c for each operation as described later. 

The carriage carrying the print head 104 which may 
also carry an ink cartridge performs a reciprocating 
motion in a main scan direction by a main scanning 
motor 108 which is controlled by the print controller 106 
and the pre-ejection controller 107. Therefore, the print 
head 104 ejects ink from one or more nozzle selected 
according to the print data while performing the recipro- 
cating motion. 

A medium carrying controller 109 controls a sub- 
scan motor 110 which carries a printing medium in a 
subscan direction orthogonal to the main scan direction 
under the control of the print controller 103. A display 
controller 111 controls a display panel 112 under the 
control of the printer controller 103. 

Further, the printer controller 103 uses a timer 1 13 
as a time measurement means to measure a predeter- 
mined time period. Furthermore, the printer controller 
103 is connected to an ink consumption memory 114 
and an ink consumption count value memory 1 15. The 
ink consumption memory 114 stores an ink consump- 
tion counter C ACC which is used to determine the total 
ink consumption. The ink consumption count value 
memory 1 1 5 previously stores predetermined count val- 
ues corresponding to the suction, print and pre-ejection 
operations, respectively. For example, an ink consump- 
tion of 1 gram corresponds to a count value of 2 x 10 7 
and the count value is proportional to the weight of ink 
consumption. The printer controller 1 03 converts the ink 
consumption caused by such an operation into the cor- 
responding count value and counts the total ink con- 
sumption using the ink consumption counter C A cc as 
will be described later. 

In addition, the printer 10 is provided with a printing 
medium sensor which are arranged for detecting the 
presence and absence of a printing medium but not 



shown in Fig. 1 for simplicity. 

Referring to Fig. 2, when the printer is powered on, 
the carriage carrying the print head 1 04 and the ink car- 
tridge is moved to a home position (step S201). When 

5 the printing medium sensor detects the presence of a 
printing medium (step S202), the medium carrying con- 
troller 109 instructs the subscan motor 1 10 to carry the 
printing medium out (step S203). 

At the home position, the nozzle surface of the print 

10 head 1 04 is capped with a cap by moving the carriage in 
the direction opposite to the print area of the printing 
medium. And ink is sucked from the nozzles for cleaning 
by the nozzle suction controller 105 (step S204). After 
the nozzle suction operation, the sucked ink is in turn 

is sucked from the cap and then discharged in a discharge 
reservoir (step S205). 

Subsequently, the pre-ejection controller 107 con- 
trols the main scan motor 108 so that the carriage is 
moved to the printing direction and thereby the nozzle 

20 surface of the print head 104 is wiped (hereinafter, 
called a wiping operation)(step S206). Thereafter, the 
pre-ejection controller 107 Performs a purge process by 
which the nozzles of the print head 104 eject ink to the 
discharge reservoir for removing dried ink from the noz- 

25 zles (step S207). In this manner, the initial operation is 
performed. 

After the above initial operation has been com- 
pleted, the printer controller 103 determines whether a 
print command is received (step S208). If no print com- 
30 mand is received for a predetermined time period (steps 
S208 and S209), the nozzles of the print head 104 are 
capped with the cap to prevent them from drying under 
the control of the pre-ejection controller 107 (step 

5210) . 

35 When the print command is received and the above 
capping operation is performed (YES in steps S208 and 

5211) , the wiping operation (step S212) and the purge 
operation (step S213) are sequentially performed. After 
the step S213 has been completed or when the above 

40 capping operation is not performed at that time (No in 
step S211), the printer controller 103 determines 
whether the printing medium sensor detects the pres- 
ence of a printing medium (step S214). When there is 
no printing medium (NO is step S214), the medium car- 

45 rying controller 109 instructs the subscan motor 1 10 to 
carry the printing medium in (step S215). 

After the printing medium is prepared, a page print 
operation is performed (steps S216-S220). More specif- 
ically, the print controller 106 controls the print head 104 

so and the main scan motor 1 08 so as to print a line of print 
image data (step S216). The timer 113 determines 
whether a predetermined time period has been elapsed 
since the print start time (step S217). When the prede- 
termined time period has been elapsed, the purge proc- 

55 ess is performed (steps S218 ) and then a line feed is 
performed by the medium carrying controller 109 con- 
trolling the subscan motor 110 (step S219). If the page 
print is not completed (NO in step S220), the steps 
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S216-S220 are repeatedly performed until the page 
print has been completed. Therefore, the purge process 
(step S218) is performed at regular intervals during the 
print operation. In the case where the timer 11 3 is set for 
10 seconds, the purge process (step S218) is per- 
formed at intervals of 10 seconds. 

When the page has been printed (YES in step 
S220), the printing medium is carried out by the medium 
carrying controller controlling the subscan motor 110 
(step S221) and then the above steps S208-S221 are 
repeatedly performed until powering off (YES in step 
S222). When powered off, the carriage is moved to the 
home position and the nozzles are capped with the cap 
to prevent them from drying (step S223). The details of 
each process will be described hereinafter. 

HEAD SUCTION PROCESS 

Referring to Fig. 3, when the ink suction is per- 
formed for cleaning by the nozzle suction controller 105 
(step S301), the printer controller 103 reads a suction 
count value Csuc from tne memory 115 and converts 
the ink consumption caused by the suction operation 
into the suction count value Csuc (step S302). Thereaf- 
ter, the printer controller 103 reads the ink consumption 
counter C ACC from the memory 114 (step S303) and 
adds the suction count value C S uc t0 tne jnk consump- 
tion counter C A cc to produce an updated ink consump- 
tion counter C AC c (step S304). The updated ink 
consumption counter C A cc is written onto the memory 
114 (step S305). 

More specifically, assuming that an ink consump- 
tion caused by the suction operation is 0.5 gram in 
weight, it is converted to the suction count value C suc » 
1 x 10 7 = 10,000,000. If the ink consumption counter 
C A cc is zero at that time, an updated ink consumption 
counter C AC c - Cacc + C suc = 10,000,000 is restored 
onto the memory 114. 

PURGE PROCESS 

Referring to Fig. 4, when the pre-ejection controller 
107 performs a purge process by which the nozzles of 
the print head 104 eject ink to the discharge reservoir 
for removing dried ink from the nozzles (step S401), the 
printer controller 103 reads a purge count value C PUR 
from the memory 1 1 5 and converts the ink consumption 
caused by the purge operation into the purge count 
value Cpur (step S402). Thereafter, the printer control- 
ler 103 reads the ink consumption counter C ACC from 
the memory 114 (step S403) and adds the purge count 
value C PUR to the ink consumption counter C AC c to pro- 
duce an updated ink consumption counter C ACC (step 
S404). The updated ink consumption counter C A cc is 
written onto the memory 114 (step S405). 

More specifically, assuming that on ink consump- 
tion caused by the purge operation is 2.1 x 10" 7 gram in 
weight, it is converted to the purge count value C PUR = 



7. If the ink consumption counter C ACC = 10,000,000 at 
that time, an updated ink consumption counter C AC c = 
C A cc + c suc 88 1 0,000.007 is restored onto the memory 
114. 



Referring to Fig. 5, when receiving print data from 
the host computer 20, the printer controller 1 03 expands 

10 the print data into print image data each bit indicating 
ejection or non-ejection nozzle and stores them onto a 
line buffer (step S501). Thereafter, the printer controller 
103 divides the print image data of the line buffer by a 
dot block having a predetermined dot matrix to produce 

is a plurality of blocks. Then, the printer controller 103 
determines whether each block includes at least one 
ejection dot and, if included, that block is an effective 
block. The ink consumption of each effective block is set 
to a predetermined count value. In this manner, the 

20 number of effective blocks are calculated (step S502). 

The printer controller 103 converts the number of 
effective blocks into the print count value C BLK (step 
S503). Thereafter, the printer controller 103 reads the 
ink consumption counter C A cc from the memory 114 

25 (step S504) and adds the print count value Cblk to the 
ink consumption counter C ACC to produce an updated 
ink consumption counter C ACC (step S505). The 
updated ink consumption counter C ACC is written onto 
the memory 114 (step S506) and then the print opera- 

30 ton is started (step S507). 

Referring to Fig. 6, the print image data each bit 
indicating ejection or non-ejection nozzle are stored 
onto the line buffer. In the case of monochrome ink, one 
block is set to a 16x64-dot matrix In this case, the print 

35 image data is shown in Fig. 6 are searched in blocks for 
an effective block 601 including at least one ejection dot 
to count the number of effective blocks. 

More specifically, the print image data, as shown in 
Fig. 6, is divided into a plurality of blocks each having 

40 16x64 dots. Effective blocks 601 including at least one 
ejection dot are counted and ineffective blocks 602 
including no ejection dot are not counted. In the case 
where the ink consumption Of each effective block is set 
to 3x10" 8 gram in weight, the print count value for each 

45 effective block may be set to 1 . In the case of color ink 
(Magenta, Yellow, and Cyan), one block is set to a 
16x16-dot matrix and the ink consumption of each 
effective block is set to 1 x10" 8 gram in weight It should 
be noted that the ink consumption of each effective 

so block is set to a predetermined count value which may 
be an average value varying from print head to print 
head. 

In the case where the print count value for each 
effective block is set to 1 and 50 effective blocks are 
55 included, the printer controller 1 03 converts the total ink 
consumption caused by the print operation into the print 
count value C BLK = 1 x 50 = 50. If the ink consumption 
counter C ACC = 10,000,007 at that time, an updated ink 
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consumption counter C ACC = C ACC + C BLK = 
10,000,057 is restored onto the memory 1 14. 

INK LEVEL DETERMINATION 

The ink level determination may be performed by 
either the printer 10 or the host computer 20. The ink 
level is determined based on the ink consumption coun- 
ter C ACC stored in the memory 114 and the cartridge 
count value C^x corresponding to the capacity of the 
ink cartridge. Since the ink level determination is per- 
formed in response to a request received from the hast 
computer 20, the communication with the host compu- 
ter 20 is asynchronous to the operation of the printer 1 0. 

Referring to Fig. 7A. when receiving a printer infor- 
mation request from the host computer 20, the printer 
controller 103 reads the ink consumption counter C ACC 
from the memory 1 14 (step S701) and then determines 
the ink level by comparing the ink consumption counter 
C AC c and the cartridge count value (step S702). 
And the ink level such as a ratio is transferred to the host 
computer 20 (step S703). 

In the case where the capacity of a monochrome 
ink cartridge is 45 gram in weight corresponding to the 
cartridge count value C^x = 1 .5 x 1 0 9 = 1 ,500,000,000 
and the updated ink consumption counter C ACC = 
30,000,000 is stored in the memory 1 14, the ink level is 
calculated by, for example, 1 - C ACC /C MAX = 0.98, that 
is, the ratio of the remaining quantity is 98%. Alterna- 
tively, several levels, for example, one-thirds empty, two- 
thirds empty, and near-empty may be used as the ink 
level. It is the same with the case where the capacity of 
each color ink cartridge is 15 gram in weight corre- 
sponding to a cartridge count value Cm^-c = 1 .5 x 1 0 9 . 

Referring to Fig. 7B, the host computer 20 transmits 
the printer information request to the printer 10 (step 
S704) and then waits for printer information to be 
received (step S705). When receiving the printer infor- 
mation from the printer 10, the host computer 20 dis- 
plays it on the monitor 21 (step S706). In this case, the 
host computer 20 receives a refining ratio such as 0.98 
or a remaining level such as "near-empty" which was 
calculated by the printer 10. For example, the ink level 
information such as "monochrome ink is near-empty" or 
"both monochrome and color ink are near-empty" is dis- 
played on the monitor 21 of the host computer 20. 

In the case of the color inkjet printer, the ink con- 
sumption memory 114 may store a monochrome ink 
consumption counter C ACC . BW and a color ink con- 
sumption counter C ACC -c ft> r **dh color ink. Each ink 
consumption counter is controlled as described above. 
In this case, the communication process is similarly per- 
formed. 

Referring to Fig. 8 A, when receiving a printer infor- 
mation request from the host computer 20, the printer 
controller 103 reads the monochrome ink consumption 
counter C acc .bw and the color ink consumption counter 
c acc-c from tte memory 114 (step S801) and they are 



transferred to the host computer 20 (step S802). 

Referring to Fig. 8B, the host computer 20 transmits 
the printer information request to the printer 10 (step 
S803) and then waits for printer information to be 

5 received (step S804). When receiving the printer infor- 
mation from the printer 10, the host conputer 20 deter- 
mines the monochrome ink level by comparing the 
monochrome ink consumption counter C ACC . BW and 
the monochrome cartridge count value C^x-bw (step 

w S805). Similarly, the host computer 20 determines the 
color ink level by comparing the color ink consumption 
counter C AC c_c and the corresponding color cartridge 
count value Cj^x-c (step S806). 

When determining the monochrome and color ink 

15 levels, the host computer 20 displays them on the mon- 
itor 21 (step S807). In this case, the host computer 20 
determines a remaining ratio such as 0.98 or a remain- 
ing level such as "near-empty". For example, the ink 
level information such as "monochrome ink is near- 

20 empty" or "both monochrome and color ink are near- 
empty" is displayed on the monitor 21 of the host com- 
puter 20. 

Since the printer 10 is equipped with the display 
panel 1 1 2, the ink level information may be displayed on 
25 the display panel 1 12. 

Claims 

1 . A method for detecting ink consumption in an inkjet 
30 printer (1 0) having a print bead (1 04) with a plurality 

of nozzles selectively ejecting ink to a printing 
medium, comprising the step of a) producing print 
image data indicating a pattern of ejection and non- 
ejection nozzles, 
35 characterized by comprising the steps of: 

b) searching the print image data in blocks for 
an effective block (601) including data indicat- 
ing at least one ejection nozzle to count effec- 

40 tive blocks, wherein a block has a 

predetermined size; and 

c) detecting ink consumption caused by a print 
operation based on a count of the effective 
blocks. 

45 

2. "me method according to claim 1, wherein the step 
b) comprises the steps of: 

dividing the print image data into a plurality of 
so blocks (601, 602) each having the predeter- 

mined size; and 

counting effective blocks (601) each including 
data indicating at least one ejection nozzle in 
the blocks. 

55 

3. The method according to daim 1 or 2, wherein each 
effective block has a predetermined ink consump- 
tion count value and the ink consumption caused by 
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the print operation is detected by multiplying the 
count of the effective blocks by the predetermined 
ink consumption count value. 

4. The method according to claim 1 or 2, further com- 
prising the step of: 

storing a first ink consumption count value cor- 
responding to an effective block and a plurality 
of second ink consumption count values corre- 
sponding to ink consumption operations other 
than the print operation, respectively 

5. The method according to claim 1 , 2, 3 or 4, wherein 
the step c) comprises the step of detecting a print 
ink consumption count value by multiplying the 
count of the effective blocks by the first ink con- 
sumption count value. 

the method further comprising the step of: 
accumulating the print ink consumption count 
, value and a second ink consumption count 
value corresponding to an ink consumption 
operation to produce total ink consumption of 
the inkjet printer when the print operation and 
the ink consumption operation are respectively 
performed. 

6. The method according to claim 3, 4 or 5, wherein 
the consumption operations include an ink suction 
operation for sucking ink from the nozzles and an 
ink pre-ejection operation for ejecting ink from the 
nozzles before printing. 

7. The method according to claim 3, 4, 5 or 6, further 
comprising the step of: 

storing a maximum ink count value corre- 
sponding to an ink capacity of an ink cartridge; 
and 

calculating an ink level of the ink cartridge by 
comparing the maximum ink count value to the 
total ink consumption. 

8. The method according to claim 5, 6 or 7, further 
comprising the step of: 

transferring the ink consumption to a host com- 
puter connected to the inkjet printer in 
response to a request of the host computer; 
at the host computer, 

calculating an ink level of the ink cartridge by 
comparing a maximum ink count value corre- 
sponding to an ink capacity of an ink cartridge 
to the total ink consumption. 

9. The method according to claim 7 or 8, further com- 
prising the step of: 



transferring the ink level from the inkjet printer 
to a host computer in response to a request of 
the host computer. 

5 10. An inkjet printer comprising: 

a print head (104) having a plurality of nozzles 
selectively ejecting ink to a printing medium, 
characterized by comprising: 
10 a memory (1 1 5) for storing an ink consumption 

count value corresponding to an ink consump- 
tion operation of the inkjet printer; and 
a controller (103) for producing print image 
data indicating a pattern of ejection and non- 
75 ejection nozzles, searching the print image 
data in blocks for an effective block (601) 
including data indicating at least one ejection 
nozzle to count effective blocks, wherein a 
block has a predetermined size, and detecting 
20 ink consumption caused by a print operation 
based on a count of the effective blocks. 

1 1 . The inkjet printer according to claim 1 0, wherein the 
controller divides the print image data into a plural- 

25 rty of blocks each having the predetermined size 
and counts effective blocks each including data 
indicating at least one ejection nozzle in the blocks. 

12. The inkjet printer according to claim 10 or 11, 
30 wherein each effective block has a predetermined 

ink consumption count value and the controller 
detects the ink consumption caused by the print 
operation by multiplying the count of the effective 
blocks by the predetermined ink consumption count 
35 value. 

13. The inlqet printer according to claim 10 or 11, 
wherein the memory stores a first ink consumption 
count value corresponding to an effective block and 

40 a plurality of second ink consumption count values 
corresponding to ink consumption operations other 
than the print operation, respectively. 

14. The inkjet printer according to claim 12 or 13, 
45 wherein the controller detects a print ink consump- 
tion count value by multiplying the count of the 
effective blocks by the first ink consumption count 
value, and accumulates the print ink consumption 
count value and a second ink consumption count 

so value corresponding to an ink consumption opera- 
tion to produce total ink consumption of the inkjet 
printer when the print operation and the ink con- 
sumption operation are respectively performed. 

ss 15. The inlqet printer according to claim 12, 13 or 14, 
wherein the ink consumption operations include an 
ink suction operation for sucking ink from the noz- 
zles and on ink pre-ejection operation for ejecting 
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ink from the nozzles before printing. 

16. The inkjet printer according to claim 14 or 15, 
wherein the memory further stores a maximum ink 
count value corresponding to an ink capacity of an 5 
ink cartridge, and the controller calculates an ink 
level of the ink cartridge by comparing the maxi- 
mum ink count value to the total ink consumption. 

17. The inlqet printer according to claim 14, 15 or 16, 10 
wherein the controller transfers the ink consump- 
tion to a host computer connected to the inkjet 
printer in response to a request of the host compu- 
ter. 

15 

18. The inkjet printer according to claim 16 or 17, 
wherein the controller transfers the ink level from 
the inkjet printer to a host computer in response to 
a request of the host computer. 

20 
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